FERROELECTRIC CAPACITOR AND 
METHOD FOR MANUFACTURING THE SAME 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a capacitor of a semiconductor 

memory device and a method for manufacturing the same. More particularly, 
the present invention relates to a ferroelectric capacitor including at least two 
ferroelectric films having different compositions or different composition ratios 
and a method for manufacturing the same. 

2. Description of the Related Art 

[0002] Wide use of portable electronic devices, such as mobile information 

and communication devices, has increased demand for a non-volatile 
memory that retains data even after the power is turned off. It is anticipated 
that a ferroelectric random access memory (FRAM) will be a non-volatile 
memory having benefits of high-speed data processing and low power 
consumption. 

[0003] In general, a semiconductor memory device includes a plurality of 

memory cells, wherein each memory cell includes a transistor and a capacitor. 
Similarly, each memory cell of a FRAM also includes a transistor and a 



capacitor. However, a capacitor in a FRAM is a ferroelectric capacitor that 
uses a ferroelectric substance as a dielectric material. 

[0004] As shown in FIG. 1 , a conventional ferroelectric capacitor is formed by 

sequentially stacking a first platinum (Pt) film 10 as a lower electrode, a PZT 
(PbZrxTh-xOa) film 12 as a ferroelectric film, and a second platinum (Pt) film 14 
as an upper electrode. 

[0005] In the conventional ferroelectric capacitor of FIG. 1 , the PZT film 12 is 

formed having a predetermined thickness using a chemical solution 
deposition (CSD) or a chemical vapor deposition (CVD). 

[0006] During formation of this conventional ferroelectric capacitor, defects, 

such as voids or excess atoms, are formed in an interfacial area of the PZT 
film 12. Such defects remain in the ferroelectric capacitor even after the PZT 
film 12 is reheated, which causes the degradation of the FRAM, and in 
particular, a degradation of the retention characteristics of the FRAM. The 
retention characteristics and the measurement thereof will be described later. 

[0007] In an attempt to solve the above problem, a recent study introduced a 

ferroelectric capacitor in which upper and lower electrodes are replaced with 
oxide substances, such as Ir0 2 , RuQ 2 , SrRuQ 3 , or the like, to compensate for 



the leakage of oxygen. In addition, a platinum (Pt) film, which is useful for 
crystal formation of the PZT film 12, is used as an interlayer to improve the 
characteristics of the interfacial area of the PZT film 12. 

[0008] As shown in FIG. 2, such a ferroelectric capacitor includes the PZT film 

12, a lower electrode formed under the PZT film 12 by sequentially stacking a 
first iridium oxide (Ir0 2 ) film 16 and a first platinum (Pt) film 10, and an upper 
electrode formed on the PZT film 12 by sequentially stacking a second 
platinum (Pt) film 14 and a second iridium oxide (Ir0 2 ) film 18. 

[0009] In this arrangement, the first and second platinum (Pt) films 10 and 14 

are used as first and second interlayers, respectively, but are described herein 
as an element of the upper and lower electrodes, respectively, for 
convenience of explanation. 

[0010] The conventional ferroelectric capacitor of FIG. 2 has many 

advantages over the conventional ferroelectric capacitor of FIG. 1 but still has 
the above-described defects in the PZT film 12. The defects accumulate in 
the interfacial area of the PZT film 12 with electrical charges flowing from the 
upper and lower electrodes for a long retention time. In a capacitor where 
domains are arranged in one direction by applying a voltage to the capacitor, 



or in a capacitor heated for an acceleration test, the movement of the electrical 
charges or the inflow of the electrical charges from the outside exhibits a 
tendency to increase. 

[001 1 ] As a result, an electric field is induced in the PZT film 1 2 in a direction of 

an external electric field causing the polarization of the ferroelectric domains. 
The movement and accumulation of the electric charges continues which 
increases the strength of the electric field induced in the PZT film 12. 

[0012] If the induced electric field exists in the PZT film 12 when the 

polarization directions of the ferroelectric domains are switched to the 
opposite direction by applying a voltage to the PZT film 12 after a 
predetermined time, new polarization states of the ferroelectric domains 
become unstable. 

[001 3] As described above, since conventional ferroelectric capacitors include 

an induced electric field in a PZT film due to defects of the PZT film, new 
polarization states of ferroelectric domains become unstable when the 
polarization direction of the ferroelectric domains is switched to the opposite 
direction by applying a voltage to the PZT film. Therefore, as the size of the 
ferroelectric capacitor decreases with the improvement of an integration 



density of the FRAM, the concentration of defects increases while several 
processes are processed. Accordingly, the polarization states of the domains 
of the PZT film become more unstable every time data is written. Thus, as the 
integration density increases, the reliability of the FRAM including such a 
conventional ferroelectric capacitor is degraded. 

SUMMARY OF THE INVENTION 
[0014] The present invention provides a ferroelectric capacitor capable of 

holding stable polarization states of ferroelectric domains for a long retention 
time, thereby assuring sufficient reliability of a ferroelectric random access 
memory (FRAM). 

[0015] The present invention also provides a method for manufacturing the 

ferroelectric capacitor. 

[0016] According to a feature of the present invention, there is provided a 

ferroelectric capacitor including a lower electrode, a dielectric layer, and an 
upper electrode layer, which are sequentially stacked, wherein the dielectric 
layer has a multi-layer structure including a plurality of sequentially stacked 
ferroelectric films, and wherein two adjacent ferroelectric films have either 
different compositions or different composition ratios. 



[001 7] The ferroelectric capacitor may further include an interlayer disposed in 

a position selected from the group consisting of between the lower electrode 
and the dielectric layer, between the upper electrode and the dielectric layer, 
and both between the lower electrode and the dielectric layer and the upper 
electrode and the dielectric layer. Preferably, the interlayer is a platinum (Pt) 
layer. 

[001 8] The dielectric layer may either include a first and a second sequentially 

stacked ferroelectric films or it may include first through third sequentially 
stacked ferroelectric films. 

[0019] In an embodiment on the present invention, each of the ferroelectric 

films are formed of a material selected from the group consisting of a PZT film, 
a PLZT (Pbi- 2 LazZrxTii-x0 3 ) film, and a BSO-PZT film, and wherein adjacent 
ferroelectric films are formed of a different material. In another embodiment of 
the present invention, each of the ferroelectric films are formed of a material 
selected from the group consisting of a PZT film, a PLZT (Pbi.zLazZrxTin.xO3) 
film, and a BSO-PZT film, and wherein adjacent ferroelectric films are formed 
of the same material but have different composition ratios. 



[0020] The upper and lower electrodes may be formed of a single layer of 

either a metal, such as platinum (Pt) or iridium (Ir), or a conductive oxide, such 
as iridium oxide (Ir0 2 ) or ruthenium oxide (Ru0 2 ). Alternately, the upper and 
lower electrodes may be formed of a sequentially stacked metal layer and a 
conductive oxide layer. 

[0021 ] According to another feature of the present invention, there is provided 

a method for manufacturing a ferroelectric capacitor in which a lower 
electrode, a dielectric layer, and an upper electrode layer are sequentially 
stacked, wherein the dielectric layer is formed by forming a first ferroelectric 
film on the lower electrode and forming a second ferroelectric film on the first 
ferroelectric film, wherein the second ferroelectric film has a different 
composition or a different composition ratio from the composition or 
composition ratio of the first ferroelectric film. 

[0022] The method further includes forming a third ferroelectric film on the 

second ferroelectric film, wherein the third ferroelectric film has a different 
composition or a different composition ratio from the composition or 
composition ratio of the second ferroelectric film. 



[0023] In an embodiment of the present invention, adjacent ferroelectric films 

are formed using different formation processes to have the same composition 
but different composition ratios. In another embodiment of the present 
invention, adjacent ferroelectric films are formed using the same formation 
process to have different compositions. 

[0024] The ferroelectric films are formed of a material selected from the group 

consisting of a PZT film, a PLZT film, and a BSO-PZT film. The ferroelectric 
films are formed using either a chemical solution deposition (CSD), a metal 
organic chemical vapor deposition (MOCVD), or a combination of the two 
deposition processes. 

[0025] The method may further include forming an interlayer between the 

lower electrode and the dielectric layer to facilitate the formation of the first 
ferroelectric film or between the upper electrode and the dielectric layer to 
facilitate the formation of the third ferroelectric film. 

[0026] According to a ferroelectric capacitor of the present invention, since it is 

possible to prevent defects from moving in the ferroelectric capacitor by 
forming an interfacial area between two different ferroelectric films, electric 
fields in the ferroelectric films are greatly weakened, thereby making it 



possible to hold stable polarization states of the ferroelectric domains for a 
long retention time. Therefore, it is possible to accurately read data written in 
the ferroelectric capacitor a long time ago, thereby improving the reliability of 
the FRAM. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] The above and other features and advantages of the present invention 

will become more apparent to those of ordinary skill in the art by describing in 
detail preferred embodiments thereof with reference to the attached drawings 
in which: 

[0028] FIGS. 1 and 2 illustrate cross-sectional diagrams of the structure of a 

first and a second conventional ferroelectric capacitor; 
[0029] FIG. 3 illustrates a cross-sectional diagram of the structure of a 

ferroelectric capacitor according to a first embodiment of the present 

invention; 

[0030] FIG. 4 illustrates a cross-sectional diagram of the structure of a 

ferroelectric capacitor according to a second embodiment of the present 
invention; 
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[0031] FIG. 5 is a graph showing measured results comparing polarization 

characteristics of conventional ferroelectric capacitors and a ferroelectric 
capacitor according to an embodiment of the present invention; 

[0032] FIG. 6 is a graph showing measured results comparing fatigue 

characteristics of conventional ferroelectric capacitors and a ferroelectric 
capacitor according to an embodiment of the present invention; 

[0033] FIG. 7 is a graph showing measured results comparing non-volatile 

remnant polarization characteristics of conventional ferroelectric capacitors 
and a ferroelectric capacitor according to an embodiment of the present 
invention; 

[0034] FIG. 8 is a timing diagram for explaining a pulse sequence used to 

measure the non-volatile polarization characteristics of FIG. 7; and 
[0035] FIG. 9 is a flowchart showing a method for manufacturing a 

ferroelectric capacitor according to an embodiment of the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 
[0036] Korean Patent Application No. 2003-6728, filed February 4, 2003, and 

entitled: "Ferroelectric Capacitor and Method for Manufacturing the Same," is 

incorporated by reference herein in its entirety. 



[0037] The present invention will now be described more fully hereinafter with 

reference to the accompanying drawings, in which preferred embodiments of 
the invention are shown. The invention may, however, be embodied in 
different forms and should not be construed as limited to the embodiments set 
forth herein. Rather, these embodiments are provided so that this disclosure 
will be thorough and complete, and will fully convey the scope of the invention 
to those skilled in the art. In the drawings, the thickness of layers and regions 
are exaggerated for clarity. It will also be understood that when a layer is 
referred to as being "on" another layer or substrate, it can be directly on the 
other layer or substrate, or intervening layers may also be present. Further, it 
will be understood that when a layer is referred to as being "under" another 
layer, it can be directly under, and one or more intervening layers may also be 
present. In addition, it will also be understood that when a layer is referred to 
as being "between" two layers, it can be the only layer between the two layers, 
or one or more intervening layers may also be present. Like reference 
numerals refer to like elements throughout. 

[0038] Hereinafter, ferroelectric capacitors according to a first and a second 

embodiment of the present invention will be described. 



<First embodiment 

[0039] A ferroelectric capacitor according to the first embodiment of the 

present invention is characterized by a dielectric layer formed of three 
ferroelectric films where adjacent ferroelectric films have either different 
compositions or different composition ratios. 

[0040] Referring to FIG. 3, a ferroelectric capacitor according to the first 

embodiment of the present invention includes a lower electrode 40, a 
dielectric layer 42, and an upper electrode 44. The dielectric layer 42 is 
formed by sequentially stacking first through third dielectric films 42a, 42b, 
and 42c on the lower electrode 40. The first dielectric film 42a is a 
predetermined ferroelectric film such as a PZT (PbZrxTh-xOa) film, a PLZT 
(Pb1.zLazZrxTh.xO3) film, or a BSO-PZT (Bi 2 Si0 5 additive PZT) film. Here, X 
and Z represent numbers within a valid range of 0 - 1 . For example, if X is 
equal to 0.35, the distribution ratio of Zr to Ti is 35 to 65. The second dielectric 
film 42b is a predetermined ferroelectric film and may be a PZT film, a PLZT 
film, or a BSO-PZT film, but the second dielectric film 42b preferably is 
different from the first dielectric film 42a. The third dielectric film 42c is also a 
ferroelectric film and may be a PZT film, a PLZT film, or a BSO-PZT film, but 



the third dielectric film 42c is preferably different from the second dielectric film 
42b. 

[0041] If the first and the second dielectric films 42a and 42b are ferroelectric 

films having the same composition, for example, PZT films, then it is 
preferable that the composition ratio of a PZT film used as the first dielectric 
film 42a (hereinafter, referred to as a first PZT film) is different from that of a 
PZT film used as the second dielectric film 42b (hereinafter, referred to as a 
second PZT film). More specifically, in the molecular formulas of the first and 
the second PZT films, i.e., PbZrxTh-xOaand PhZrvTh-vOa, it is preferable that 
the subscripts X and Y are different. This fact may be applied to a case where 
the first and the second dielectric films 42a and 42b are PLZT films. 

[0042] The relationship between the second and the third dielectric films 42b 

and 42c is the same as the relationship between the first and the second 
dielectric films 42a and 42b. 

[0043] Preferably, the third dielectric film 42c is a ferroelectric film such as a 

PZT film, a PLZT film, or a BSO-PZT film. However, it is preferable that the 
third dielectric film 42c is a ferroelectric film having either a different 
composition or different composition ratio from that of the second dielectric 
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film 42b. Therefore, if the second dielectric film 42b is a PZT film having a 
predetermined thickness, it is preferable that the third dielectric film 42c be a 
PLZT film, a BSO-PZT film, or another ferroelectric film having a 
predetermined thickness. If the second and the third dielectric films 42b and 
42c are ferroelectric films having the same composition, it is preferable that 
the second and the third dielectric films 42b and 42c have different 
composition ratios. Preferably, the first through third dielectric films 42a, 42b, 
and 42c have a thickness of 3 nm - 50 nm, 30 nm - 1 50 nm, and 3 nm - 50 nm, 
respectively. 

[0044] Each of the lower and upper electrodes 40 and 44 may be a single 

material layer, for example, a single metal layer, such as a platinum (Pt) layer 
or an iridium (Ir) layer, or a single conductive oxide layer, such as an iridium 
oxide layer (Ir0 2 ) or a ruthenium oxide layer (Ru0 2 ). 

[0045] Alternately, the lower and upper electrodes 40 and 44 may have a 

multi-layer structure including a metal layer and a conductive oxide layer. For 
example, the lower and upper electrodes 40 and 44 may be formed by 
sequentially stacking an iridium (Ir) layer and an iridium conductive oxide layer 
(Ir0 2 ). 
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[0046] Although not shown throughout figures, an interlayer such as a 

platinum (Pt) layer can exist between the lower electrode 40 and the first 
dielectric film 42a, between the upper electrode 44 and the third dielectric film 
42c, or between both. 

<Second embodiment 

[0047] A ferroelectric capacitor according to the second embodiment of the 

present invention is characterized by a dielectric layer formed of two 
ferroelectric films. The elements which have already been mentioned in 
connection with the first embodiment of the present invention are designated 
by the reference numerals used in the first embodiment of the present 
invention and a description thereof will not be repeated. 

[0048] Referring to FIG. 4, the ferroelectric capacitor according to the second 

embodiment of the present invention includes a lower electrode 40, a 
dielectric layer 46, and an upper electrode 44. The dielectric layer 46 is 
formed by sequentially stacking a first dielectric film 46a and a second 
dielectric film 46b on the lower electrode 40. The first and the second 
dielectric films 46a and 46b are ferroelectric films having either different 
compositions or having the same compositions but different composition 



ratios. In the former configuration, the first dielectric film 46a may be a PZT 
film, and the second dielectric film 46b may be a PLZT film, or vice versa. In 
the latter configuration, the first and the second dielectric films 46a and 46b 
may both be a PZT or PLZT film but having different composition ratios. Here, 
the first and second dielectric films 46a and 46b have a thickness of 3 nm - 
50 nm and 30 nm - 150 nm, respectively. 

[0049] An interlayer such as a platinum (Pt) layer can exist between the lower 

electrode 40 and the first dielectric film 46a, between the upper electrode 44 
and the second dielectric film 46b, or between both. 

[0050] Characteristics of a ferroelectric capacitor according to an embodiment 

of the present invention (hereinafter, referred to as the first ferroelectric 
capacitor) have been measured and characteristics of conventional 
capacitors (hereinafter, referred to as a second ferroelectric capacitors) have 
been measured for comparison. 

[0051] One type of first ferroelectric capacitor and three types of second 

ferroelectric capacitors were used for the measurement. Compositions of the 
first and the second ferroelectric capacitors are shown in the following Table. 



[0052] Samples 1 , 2, and 4 represent the three types of second ferroelectric 

capacitors. Sample 3 represents the one type of first ferroelectric capacitor. 
The order of the upper electrode, the dielectric layer, and the lower electrode 
proceeds from left to right in the composition column of the Table. 



[Table] 



Sample 


Composition 


Sample 1 


Pt/ PZT/ Pt 


Sample 2 


lr/ Ir0 2 / PZT/ Pt/ Ir0 2 


Sample 3 


lr/ Ir0 2 / PLZT (0.1 %La)/ PZT (40/60)/ PLZT (0.1 %La)/ Pt/ Ir0 2 


Sample 4 


lr/ Ir0 2 / PLZT/ Pt/ Ir0 2 (0.1 %La) 



[0053] In the Table, 0.1 % La represents the ratio of lanthanum (La) in the 

PLZT film as being 0.1%, and PZT (40/60) represents a Zr/Ti ratio in the PLZT 
film. 

[0054] Polarization characteristics, fatigue characteristics, and non-volatile 

remnant polarization characteristics of the first and second ferroelectric 
capacitors were measured. 

[0055] FIGS. 5 through 7 are graphs showing the measured results. FIG. 5 

compares polarization characteristics. FIG. 6 compares fatigue 
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characteristics. FIG. 7 compares non-volatile remnant polarization 
characteristics, i.e., retention characteristics. 
[0056] In FIG. 5, reference numerals S1 through S4 represent the first through 

fourth hysteresis curves of polarization rates of samples 1 through 4, 
respectively. 

[0057] Referring to the first through fourth hysteresis curves of polarization 

rates S1 through S4, the hysteresis of the first ferroelectric capacitor shown in 
the third hysteresis curve of polarization rate S3 is equivalent to those of the 
three types of second ferroelectric capacitors shown in the first, second, and 
fourth hysteresis curves of polarization rates S1 , S2, and S4. This result 
signifies that the polarization characteristic of the first ferroelectric capacitor 
according to an embodiment of the present invention, including a dielectric 
layer formed by sequentially stacking at least two different ferroelectric films, 
is sufficiently similar to the polarization characteristic of the conventional 
ferroelectric capacitor that includes a dielectric layer formed of a single 
ferroelectric film. 

[0058] In FIG. 6, reference symbols S1 ' through S4' represent the first through 

fourth fatigue characteristics curves of samples 1 through 4, respectively. 
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[0059] Referring to the first through fourth fatigue characteristics curves S1 ' 

through S4\ for sample 1, the fatigue cycle SV is inversely proportional to the 
polarization difference AP. For samples 2 through 4, S2\ S3 5 , and S4\ 
respectively, however, the polarization difference AP shows only a small 
change with an increase in the fatigue cycle. This result signifies that the 
fatigue characteristic of the first ferroelectric capacitor (sample 3) is as 
superior as the fatigue characteristic of the second ferroelectric capacitors 
(samples 2 and 4), which include a conductive oxide layer as the upper and 
lower electrodes and a platinum (Pt) film between the lower electrode and the 
dielectric layer formed of the single ferroelectric film. 

[0060] In FIG. 7, reference symbols S1 ", S2", S3", and S4" represent the first 

through fourth retention curves showing non-volatile remnant polarization 
characteristics of samples 1 through 4, respectively. 

[0061] The first through fourth retention curves, S1" through S4", are obtained 

using the following procedure. Since the same procedure is applied to 
samples 1 through 4, sample 3, i.e., the first ferroelectric capacitor will be used 
as an example to explain the procedure. 
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[0062] Before explaining the procedure, the definition of the retention 

characteristics and the measurement method thereof will be described. The 
measurement of the retention characteristics is used to test whether stored 
data is damaged after data has been stored to a ferroelectric capacitor and a 
predetermined amount of time has passed. 

[0063] The data stored in the ferroelectric capacitor is generally represented 

by the amount of electrical charge that is generated when the polarization 
direction of the ferroelectric switches. The difference between the amounts of 
electrical charge generated when a predetermined voltage is applied to in a 
predetermined direction for the polarization states ("0" or "1 "), the directions of 
which are reverse to one another has to be large enough to be sensed by a 
sense amplifier of a circuit. The polarization directions of the ferroelectric 
layers is aligned by applying a negative or positive voltage to the ferroelectric 
capacitor such that the polarization state of the ferroelectric layer is a "0" or "1" 
state. After a predetermined amount of time has passed, the polarization 
states of the ferroelectric layer is reversed by applying a predetermined 
voltage. Then, the reversed polarization state is read. Such a procedure is 
referred to as an opposite-state retention evaluation. The opposite-state 
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retention characteristics can be indicated by a non-volatile polarization rate or 
an opposite-state polarization rate. The opposite-state polarization rate is 
defined as follows. 

[0064] In a first step, a first voltage is applied to the first ferroelectric capacitor 

to write data "0." That is, the ferroelectric film of the first ferroelectric capacitor 
becomes a predetermined polarization state. In a second step, the first 
ferroelectric capacitor to which the data "0" is written is baked for a 
predetermined amount of time. In a third step, a second voltage, which is of 
the same magnitude as the amount of the first voltage but has a polarity 
opposite to that of the first voltage, is applied to the baked first ferroelectric 
capacitor such that the written data "0" is changed to data "1 ," that is, the 
polarization state of the first ferroelectric capacitor is changed to the opposite 
polarization state. In a fourth step, the changed polarization state of the first 
ferroelectric capacitor is maintained for a predetermined amount of time. In a 
fifth step, the first voltage is applied to the first ferroelectric capacitor again 
such that the written data "1" is changed to data "0," that is, the polarization 
state of the ferroelectric film of the first ferroelectric capacitor is again changed. 
Here, a polarization rate, which is measured when the data "0" which is finally 



J 
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written in the first ferroelectric capacitor is read, is represented by P*os 
(hereinafter, referred to as a first opposite-state polarization rate). 
[0065] In the first step, the second voltage is applied to the first ferroelectric 

capacitor, and thus data "1" is written in the first ferroelectric capacitor. Then, 
the second step is performed. In the third step, the first voltage is applied to 
the first ferroelectric capacitor, such that the data "1" written in the first 
ferroelectric capacitor is change to data "0," and thus the changed polarization 
state "0" is written in the first ferroelectric capacitor. Then, the four and the 
fifth steps are performed. Here, a polarization rate, which is measured when 
data "0," which is finally written in the first ferroelectric capacitor is read, is 
represented by P A os (hereinafter, referred to as a second opposite-state 
polarization rate). 

[0066] The third retention curve S3" of the first ferroelectric capacitors, that is, 

sample 3, is obtained from the difference AP 0 s between the first and the 
second opposite-state polarization rates as shown in Equation 1 . 

AP os =P*os-P*os (1) 

[0067] Preferably, the difference AP 0 s is greater than 0. The retention 

characteristics are better for higher values of the difference AP 0 s . Superior 
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retention characteristics means that it is possible to accurately read data 
written in a ferroelectric capacitor even after long time has passed (e.g., more 
than ten years). 

[0068] In order to accurately estimate the retention characteristics of the 

ferroelectric capacitor, it is preferable to write a predetermined data to the 
ferroelectric capacitor and read the data from the ferroelectric capacitor after 
ten years or more. However, it is difficult to wait for such a long time to read 
the data. For this reason, in general, the retention characteristics of a 
ferroelectric capacitor is processed under a condition capable of giving an 
effect that is equivalent to a long passage of time to the ferroelectric capacitor. 

[0069] Thus, the first ferroelectric capacitor is baked in the second step for the 

purpose of simulating these conditions. Here, the first and the second 
ferroelectric capacitors are baked at about 125 °C for 1-100 hours in the 
second step. Then, the changed polarization state of the first ferroelectric 
capacitor is maintained for 30 seconds in the fourth step. The baking time 
may change with respect to the baking temperature. 
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[0070] FIG. 8 is a timing diagram for the first through fifth steps, where 

reference symbols t b and t w denote the baking time in the second step and the 
maintenance time in the fourth step, respectively. 

[0071] Referring to the first through fourth retention curves S1", S2", S3", and 

S4" in FIG. 7, the differences APos in samples 1 through 4 are greater than 
zero (0). In addition, as the baking time t b increases, the differences APos 
decrease. The degree to which the difference APos decreases is smaller in 
sample 3 than in samples 1, 2, and 4. Accordingly, the difference AP 0 s in 
sample 3 is the greatest. Thus, the retention characteristics of sample 3, 
representing a ferroelectric capacitor of the present invention, is the most 
superior. 

[0072] Hereinafter, a method for manufacturing ferroelectric capacitor 

according to an embodiment of the present invention will be described. 

[0073] Specifically, referring to FIGS. 3 and 9, in step 100, the lower electrode 

40 is formed on a substrate (not shown). Here, the substrate is formed of a 
conductive material layer contacting an entire surface of a conductive plug 
(not shown) that is connected to a predetermined region of a transistor (not 
shown) formed under a ferroelectric capacitor. The lower electrode 40 is 
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formed of a conductive oxide layer, e.g., an iridium oxide layer or a ruthenium 
oxide layer (Ru0 2 ). 

[0074] Steps 110, 120, and 130 relate to forming the dielectric layer 42 that 

includes the first through third ferroelectric films 42a, 42b, and 42c having 
either different compositions or different composition ratios on the lower 
electrode 40. 

[0075] The dielectric layer 42 may be formed according to one of the following 

two methods. 

[0076] In a first method, the first through third ferroelectric films 42a, 42b, and 

42c are formed of ferroelectric films having the same composition, e.g., PZT 
films, PLZT films, or BSO-PZT films, but a different composition ratio. 

[0077] Specifically, the first ferroelectric film 42a is formed using one of a CSD 

method and a CVD method, such as a metal organic chemical vapor 
deposition (MOCVD). The second ferroelectric film 42a is formed on the first 
ferroelectric film 42a using a different method from that of the first ferroelectric 
film 42a. For example, if the first ferroelectric film 42a is formed using the 
CSD method, the second ferroelectric film 42b is formed using the MOCVD 
method or a combined method of the CSD and the MOCVD. Then, the third 
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ferroelectric film 42c is formed on the second ferroelectric film 42b. Here, the 
third ferroelectric film 42c is formed using the CSD method or another 
deposition method other than the MOCVD method. 

[0078] In a second method, two adjacent ferroelectric films, for example, the 

first and the second ferroelectric films 42a and 42b or the second and the third 
ferroelectric films 42b and 42c may be formed of ferroelectric films having 
different compositions. 

[0079] Specifically, the first dielectric film 42a is formed on the lower electrode 

40 using the CSD method or the MOCVD method. The first ferroelectric film 
42a may be a PZT film, a PLZT film, or a BSO-PZT film. Then, the second 
ferroelectric film 42b is formed on the first ferroelectric film 42a using the same 
formation process as that of the first ferroelectric film 42a. Preferably, the first 
and the second ferroelectric films 42a and 42b have different compositions. 
For example, if the first ferroelectric film 42a is formed of a PZT film, the 
second ferroelectric film 42b is formed of a PLZT film. The third ferroelectric 
film 42c is formed on the second ferroelectric film 42b using the same 
formation process as that of the first ferroelectric film 42a. Preferably, the 
second and the third ferroelectric films 42b and 42c have different 
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compositions. For example, if the second ferroelectric film 42b is formed of 
the PLZT film, the third ferroelectric film 42c is formed of a PZT film or another 
film other than a PLZT film. 

[0080] In the two methods to form the first through third ferroelectric films 42a, 

42b, and 42c, each ferroelectric film is formed at a temperature of 300 - 450 °C. 
The first ferroelectric film 42a is formed to a thickness of 3 nm - 50 nm. The 
second ferroelectric film 42b is formed to a thickness of 30 nm - 150 nm. The 
third ferroelectric film 42c is formed to a thickness of 3 nm - 50 nm. 

[0081] The dielectric layer 42 may also be formed using a combination of the 

first and second methods. For example, the first and the second ferroelectric 
films 42a and 42b are formed of ferroelectric films such as PZT films having 
the same composition using different formation processes, according to the 
first method. The third dielectric film 42c may then be formed of a ferroelectric 
film such as a PLZT film including lanthanum (La) of 0.1% having a different 
composition from that of the second ferroelectric film 42b using the same 
formation process as that of the second ferroelectric film 42b, according to the 
second method. 
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[0082] As described above, a trap site for preventing a movement of defects is 

created in the ferroelectric films by forming the dielectric layer 42 of the 
ferroelectric films that have either different compositions or different 
composition ratios, and thus the retention characteristics of the ferroelectric 
capacitor can be improved. 

[0083] Before the dielectric layer 42 is formed, an interlayer (not shown) may 

be formed on the lower electrode 40. Preferably, the interlayer is formed of a 
material film capable of facilitating the formation of the first ferroelectric film 
42a. Thus, it is preferable that the interlayer is formed of a platinum (Pt) layer 
when the first ferroelectric film 42a is formed of a PZT film or a PLZT film. 

[0084] In step 140, the upper electrode 44 is formed on the third ferroelectric 

film 42c. Specifically, a conductive oxide layer, e.g., an iridium oxide layer 
(Ir0 2 ) or a ruthenium oxide layer (Ru0 2 ), is formed on the third ferroelectric 
film 42c. Subsequently, a metal layer, such as an iridium (Ir) layer or a 
ruthenium (Ru) layer, is formed on the conductive oxide layer. 

[0085] Preferably, the upper electrode 44 is formed of a multi-layer structure 

including a conductive oxide layer, but it may be also a single layer such as a 
conductive oxide layer or a metal layer. 
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[0086] After the upper electrode 44 is formed, the resultant structure is 

annealed at a temperature that is higher than the temperature for the 
formations of the first through third ferroelectric films 42a, 42b, and 42c, for 
example, at a temperature of 450 - 650 °C. 

[0087] After that, a ferroelectric capacitor is completed by patterning the lower 

electrode 40, the dielectric layer 42, and the upper electrode 44, which are 
sequentially stacked on the substrate. The annealing of the resultant 
structure may be performed after the ferroelectric capacitor is formed. 

[0088] As described above, since the dielectric layer of the ferroelectric 

capacitor of the present invention is formed by stacking at least two 
heterogeneous ferroelectric films having either different compositions or 
different composition ratios, it is possible to prevent the movement of defects 
in the ferroelectric films. Accordingly, electric fields induced in the ferroelectric 
films are greatly weakened, thereby making it possible to hold stable 
polarization states of ferroelectric domains for a long retention time. Thus, it is 
possible to accurately read data written in the ferroelectric capacitor a long 
time ago. In addition, this means that the reliability of the FRAM for which the 
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ferroelectric capacitor of an embodiment of the present invention is used is 
higher than that of a conventional FRAM. 
[0089] Preferred embodiments of the present invention have been disclosed 

herein and, although specific terms are employed, they are used and are to be 
interpreted in a generic and descriptive sense only and not for purpose of 
limitation. For example, it will be understood by those of ordinary skill in the 
art that the dielectric layer 42 may be formed of more than three ferroelectric 
films using the first or the second method. Similarly, part of the dielectric layer 
42 may be formed according to a conventional method, and the rest of the 
dielectric layer 42 may be formed according to the method of an embodiment 
of the present invention. Accordingly, it will be understood by those of 
ordinary skill in the art that various changes in form and details may be made 
without departing from the spirit and scope of the present invention as set forth 
in the following claims. 



